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Shigeo Masuyama* : The sequence of sex expression in 
the prothallia of Adiantum pedatum L. 
and A. capillus-veneris L. 
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There are numerous reports on the morphology of fern prothallia (cf. 
Atkinson and Stokey, 1964; Nayar and Kaur, 1971). Most of these reports 
have been aimed to find taxonomical characters in the gametophyte, and so 
the subjects of investigations have generally centered around the mode of 
spore germination, development of prothallia, and various features of well- 
developed prothallia with male and female sex organs. Recently, Klekowski 
and his co-workers (1968, 1969) have paid attention to the sequence of sex 
expression during development of the prothallium for the study of the 
mating system in ferns. However, the relationship between the sequence 
of sex expression and that of gametangium formation of the prothallium 
still remains to be investigated. 

In his comprehensive studies on fern prothallia, Momose (1967) pointed 
out the difference in the spatial arrangement of gametangia between two 
species of Adiantum, A. pedatum L. and A. capillus-veneris L. ; that is, though 
archegonia are usually situated in the meristematic region or on the cushion 
in well-developed prothallia, antheridia are located in the posterior region 
far from archegonia in the former species, while in the latter species 
antheridia are often located in the neighbourhood of archegonia. 

In the present study, the sequence of sex expression in these two species 
of Adiantum was investigated from the view points of the duration of 
gametangium formation and the spatial arrangement of gametangia during 
development of the prothallium. 

The author would like to express his sincere thanks to Prof. Hirosi Ito 
for his valuable advice during this study. 


* Botanical Institute, Faculty of Science, Tokyo University of Education, Tokyo. 
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Materials and methods The spores of A. pedatum were collected from 
a plant growing at Mt. Kiyosumi in Chiba Pref. and those of A. capillus- 
veneris at Koishikawa Botanical Garden of the University of Tokyo. Within 
two months after collection, spores were sowed on autoclaved soil in small 
pots, which were placed in a growth chamber illuminated by white fluores¬ 
cent tubes at 800 to 1000 lux in light intensity and kept at 23°±1°C. 
Bottoms of those pots were dipped in tap water throughout cultivation. 

Two pots for each species, in which prothollia were growing in almost 
same density, were chosen to provide samples of prothallia. The average 
numbers of prothallia per square centimeter in these pots were 13 for A. 
pedatum and 10 for A. capillus-veneris at 1.5 months afte sowing. Twenty 
to thirty prothallia of various size from each pot were checked at the inter¬ 
vals of one week from 1.5 months to 4 months after sowing. They were 
rinsed in tap water for a few seconds, and then stained with 45% aceto- 
carmine solution for about 6 hours. 
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Fig. 1. The relation between the width of the prothallium and the harvest time. Open circle 
indicates the mean width of prothallia. The maximum or the minimum width of pro¬ 
thallia is represented by solid circle. 
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Stained prothallia were mounted in water on slide glass and observed 
under a microscope. Only cordate prothallia were used for the present 
investigation. The width of a prothallium was measured at its widest part. 
Occasionally semicircular outgrowths were observed on the ventral surface 
of a prothallium, and if such an outgrowth had one reddish spherical cell 
stained with acetocarmine surrounded by a clearing zone, it was regarded 
as an antheridial initial (Fig. 4). When a red-stained cell or a cell group 
of two or four red-stained cells were observed in the meristematic region, 
they were regarded as archegonial initials (Fig. 5). According to the 
gametangia observed on each, prothallia were classified into four types as 
follows : 

Male : the prothallium with antheridia or antheridial initials. 

Female: the prothallium with archegonia or archegonial initials. 

Hermaphrodite : the prothallium with both antheridia and archegonia 

or their initials. 

Asexual: the prothallium without any sexual organ. 

Results The frequency of four sexual types of prothallia in each popu¬ 
lation varied with the culture time (Table 1). In both species, males 
occurred earlier than females and hermaphrodites, being more abundant than 
-those two types in the early period of cultivation. As the culture time 
proceeded, however, both of the female and hermaphrodite increased and 
the male decreased in number in A. pedatum, while in A. capillus-veneris 
only the hermaphrodite increased. As shown in Fig. 1, values of the maxi¬ 
mum and the mean widths of prothallia increased successively with the 
culture time in both populations. 

Naf (1958) has observed the female prothallium of Pteridium aquilinum 
(L) Kuhn, which grew rapidly without prior phase of antheridium formation 
in the early period of cultivation. In the present culture, such a female 
was not found. 

Fig. 2 shows the relationship between the sexual type and the width 
of the prothallium regardless of culture time. These data are based on 
total prothallia that were harvested from 2 months on after sowing, because 
about a half of prothallia harvested from that culture time were found to 
bear gametangia or gametangial initials as shown in Table 1. As the width 
increased, the frequency of each sexual type varied successively and the 
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Tab. 1. The frequency of four types of prothallia 

in population. 

Months from 
spore sowing 

Number of 
samples 

Asexual 

0/ 

/o 

Male 

% 

Female 

/o 

Hermaphrodite 

0/ 

7o 

A. pedatum 






1.5 

73 

86 

14 

0 

0 

2 

56 

11 

68 

7 

14 

2.5 

58 

0 

74 

12 

14 

3 

60 

0 

47 

20 

33 
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55 
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49 
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35 
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43 
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34 

33 
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A. capillus-veneris 





1.5 

28 

100 
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0 
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24 

54 

42 
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2.5 

42 

23 

27 

0 

50 
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44 

10 

25 
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65 

3.5 

31 

0 

13 

3 

84 

4 

38 

0 
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92 


sexual types that marked the highest frequency at each width occurred in 
the following order : male at first, then hermaphrodite, and finally female in 
A. pedatum; asexual at first, then female, and finally hermaphrodite in A. 
capillus-veneris. 

Fig. 3 shows the formation of gametangial initials in each sexual type 
of the prothallia represented in Fig. 2, In A. pedatum, the rate of occur¬ 
rence of the male prothallia with antheridial initials decreased successively 
with the increase of the width. Most hermaphrodites had archegonial 
initials but had not any antheridial initial. Nearly all the females had the 
archegonial initials. In A. capillus-veneris, the most males had antheridial 
initials at any width. The majority of hermaphrodites had both antheridial 
and archegonial initials, though some of them in the range between 1.6 to 
4.0 mm in width had archegonial initials alone. Every female had arche¬ 
gonial initials. Besides, the antheridia without any sperm (Fig. 6) were 
frequently observed especially on the hermaphrodite prothallia of A. pedatum. 

Spatial arrangement of gametangia varied with development of the 
prothallium. In A. pedatum, when prothallia grew about 1 mm wide, 
antheridia were observed over a central area and antheridial initials were 
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located on the anterior part of that area (Fig. 7). In prothallia about 2 
mm wide, one or more archegonial initials appeared in the meristematic 
region, while mature antheridia were located in a posterior half of a pro¬ 
thallium. Any antheridial initial was not obseved in this stage (Fig. 8). 
In well-developed prothallia, archegonial initials were still observed in the 
meristematic region and older archegonia were found on the cushion. Mature 
antheridia, if present, were located in a posterior region of a prothallium 
far from archegonia (Fig. 10). In the prothallia of A. capillus-veneirs at the 
stage of 1 mm wide, antheridia occupied the central area as in those of A. 
pedatum. In prothallia 2 to 3 mm wide, archegonial initials appeared in the 
meristematic region, and antheridial initials were still observed on an 
anterior part of the central area that was occupied by mature antheridia 
(Fig. 9). In well-developed prothallia, archegonial initials were still 
observed in the meristematic region and older archegonia were on the 
cushion. Antheridial initials were often observed in the neighborhood of 


A. pedatum A. capillus - veneris 



0 1.0 2.0 3.0 4.0 7.5 0 1.0 2.0 3.0 4.0 7.5 


Width of prothallium ( mm ) 

Fig. 3. Occurrence of the prothallium with gametangial initials in each sexual type. Dotted 
part: with antheridial initials, hatched part: with archegonial initials, unmarked part: 
without any gametangial initials. M; male, H; hermaphrodite, F: female. 
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young archegonia on the meristematic region (Fig. 11, 12). 

Discussion The morphological study of the prothallia of Adiantum 
pedatum and A. capillus-veneris has already been carried out by Kawasaki 
(1956) and Momose (1967). In these works, however, the attention was put 
mainly on the morphology of the well-developed prothallium, so that the 
sequence of sex expression during development of the prothallium has 
remained unexplained. 

From the facts that values of the maximum and the mean width of 
prothallia in a population increased successively as the culture time pro¬ 
ceeded (Fig. 1), it seems that the width can be used as a convenient 
measure to estimate the growth rate of a prothallium. In this point of 
view. Fig. 2 may indicate that, when cultured in a population, most of the 
prothallia of present two species will change sex expression during develop¬ 
ment as follows; a juvenile asexual prothallium of A. pedatum will turn 
into the male phase at first, and then into the hermaphroditic phase followed 
finally by the female phase, while that of A. capillus-veneris will turn into 
the male phase initially, and then into the prolonged hermaphroditic phase. 

Although the prothallia of present two species are both protandrous, 
there is a clear difference in the duration of antheridium formation between 
these two species as shown in Fig. 3. The prothallia of A. pedatum cease 
to produce a new antheridium before they begin to produce archegonia, 
while most prothallia of A. capillus-veneris continue to produce new anther- 
idia even after they begin to produce archegonia. 

Considering these facts, occurrence of the female phase in A. pedatum 
may be due to the cessation of antheridium formation and collaps of old 
antheridia in the hermaphroditic phase. This probability is supported by 
the fact that all or most antheridia in some hermaphroditic prothallia of 
this species were empty probably through the release of their sperms. As 
for A. capillus-veneris, the prolonged hermaphroditic phase may result from 
the simultaneous formation of both antheridia and archegonia in that phase. 
Some prothallia, however, failed to produce new antheridia only in the 
early period of the hermaphroditic phase (Fig. 3). A few of these her¬ 
maphroditic prothallia may proceed to the female phase in the same way 
as A. pedatum, and they may return to produce new antheridia and become 
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Fig. 4. Antheridial initial of A. capillus-veneris (indicated by arrow). x85. Fig. 5. Archegonial 
initials of A. capillus-veneris (indicated by arrows). x60. Fig. 6. Empty antheridia of A. 
pedatum (indicated by arrows). x60. Figs. 7-11. Ventral surfaces of prothallia with game- 
tangia. 7, 8 and 10; A. pedatum xl5, x6, x5, respectively. 9 11', A. capillus-veneris xl2, 

x5, respectively. (iAN, antheridial initial: mAN, mature antheridium: iAR, archegonial 
initial; mAR, mature archegonium). Fig. 12. Antheridial initial in the neighborhood of 
young archegonia (yAR). x60. 
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again hermaphroditic. 

In the morphological study on the prothallia of seven species in Adiantum, 
Kachroo and Nayar (1953) have observed that archegonia appeared much 
later than antheridia and marked the end of the formation of fresh 
antheridia. The sequence of gametangium formation found in A. pedatum 
is identical with this. On the other hand, Klekowski (1969) reported that 
only cordate male prothallia and cordate hermaphroditic ones occurred in 
the cultures of Adiantum pulverulentum L. and of A. tetraphyllum Willd. 
Occurrence of these prothallia will probably result from the similar sequence 
of gametangium formation to that of A. capillus-veneris, namely, the initial 
formation of antheridia followed by the prolonged simultaneous formation 
of antheridia and archegonia. 

Various features on the sequence of gametangium formation in fern 
prothallia have been documented in a number of previous reports on the 
morphology of the gametophyte. To summerize, there are probably three 
types of gametangium formation in the ferns with the protandrous pro¬ 
thallia ; complete cessation of antheridium formation before archegonium 
formation, partial cessation of antheridium formation, and indefinite for¬ 
mation of both types of gametangia (Nayar and Kaur, 1971). The prothal¬ 
lium of A. pedatum and that of A. capillus-veneris may represent the first 
type and the third type respectively. 

It is interesting that the prothallium of A. capillus-veneris has a re¬ 
semblance to that of Lygodium flexuosum (L.) SW. (Rashid, 1970), not only 
in the simultaneous formation of antheridia and archegonia following the 
initial formation of antheridia but even in the spatial arrangement of 
gametangia; that is, as the prothallium grows, antheridia come to occupy 
a more anterior position and are produced around developing archegonia on 
the meristematic region in the latter period of development. The prothal¬ 
lium of Adiantum tetraphyllum also seems to bear similar features (Plate 
2A in Klekowski, 1969). These facts suggest that the spatial arrangement 
of gametangia, particularly antheridia, may be related, to some extent, to 
the sequence of gametangium formation. Various patterns of the spatial 
arrangement of gametangia have been reported by numerous investigators 
(cf. Momose, 1958; Atkinson and Stokey, 1964; Nayar and Kaur, 1971). The 
relationship between these various patterns and the sequence of gametangium 
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formation remains to be investigated. 
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